Many reports of the study of experimental syphilis in primates other than man appeared early in the 20th century. We have not found an early report of the use of the owl monkey-Aotus trivirgatus-a small nocturnal primate native to South America. In a previously published cooperative study of ocular syphilis and neurosyphilis (Smith, Singer, Reynolds, Moore, Yobs, and Clark, 1965) , this monkey was used as the animal model because of its phylogenetic proximity to man, its large eyes in relation to a diminutive body size, and its availability. Findings in that study, as well as the phylogenetic position of the A. trivirgatus, interested us in further investigation of experimental syphilis in the species. This is a report of our experience over some 3 years with 37 adult monkeys, twelve of which were infected with syphilis.
Inoculations were performed with one of two strains of Treponema pallidum: either the Nichols virulent strain, propagated in rabbits for more than 50 years, or a strain that we transferred directly from man to the monkey. The methods were those generally used in studies of experimental syphilis in animals. Monkeys and rabbits were inoculated intravenously, or in the testicle, the genital mucous membranes and adjacent skin, or in the shaved skin of the anterior and posterior torso. Inocula were chancre exudate, venous blood, aspirate of human or monkey inguinal lymph nodes, extract of excised inguinal or popliteal monkey nodes, or extract of syphilitic rabbit testes. Effects of inoculations were determined by regular clinical examinations; by microscopic examination of lesion exudates, lymphnode and testicular aspirates, and smears or sections of other organs; by serological testing; and by determination of the infectivity of blood, lymph nodes or *Received for publication September 30, 1967. lesion exudate on transfer to normal animals. In an attempt to observe the natural transmission of syphilis, heterosexual pairs of syphilitic and normal monkeys were housed together.
Four monkeys were inoculated in one testis, one with approximately 40,000 motile T. pallida and three with some 4-7 x 107 organisms. Since the testicles of this primate are normally small and quite firm, we did not detect overt signs of testicular involvement by palpation. Scrotal inflammation and oedema with questionable induration of the inoculated testis developed in 2 to 7 days and persisted for from 1 to 3 weeks in each of the inoculated monkeys. Although scrotal involvement extended to the other side in varying degrees, the un-inoculated testes showed no palpable changes and were not aspirated. T. pallidum was demonstrated 5 days after inoculation by darkfield examination of testicular aspirates from two of the three that had received the larger inoculum, and in the third monkey 38 Spirochaetaemia in monkeys with syphilis of 6 months' duration was demonstrated by the infectivity of 0*1-1 0 ml. of their blood on inoculation into the testes of rabbits and monkeys. Spirochaetaemia was also demonstrated in one monkey with syphilis of 14 months' duration by the infectivity of 1 0 ml. of its venous blood when inoculated intravenously into another monkey.
Normally, inguinal lymph nodes are barely palpable in this species. After inoculation, these nodes generally enlarged during the second and third months (ranging up to 10 mm. in diameter) and tended to regress after a few months. Inguinal node aspirates from eight infected monkeys, examined at irregular intervals, were darkfield positive once or more during 2 to 24 months of infection.
27 darkfield-positive chancres were produced on the backs of seven monkeys by intracutaneous inoculations. Lesions first appeared as slightly erythematous pinpoints and developed into minute, usually scaly, macules 1-2 mm. in diameter, from which T. pallidum could be demonstrated. Some evolved into lesions generally resembling the chancres seen in man and in the rabbit, but they tended to be drier and less necrotic. Most chancres persisted as flat scaly areas for from several days to as long as 10 weeks. Others disappeared after as little as 3 or 4 days, leaving either a blanched scar or no discernible sign. Chancres were not routinely followed microscopically after they had been proved darkfield positive. Eight, including some which had almost completely regressed, were still darkfield positive 17-30 days after they were first found to be positive.
The effect of quantitated inocula of Nichols T. pallidum in the skin of the back of the rabbit is well documented. A method equating quantitated T. pallidum inocula with days of incubation to darkfieldpositive lesions was published by Magnuson, Eagle, and Fleischman (1948) . Tables I and II (average 27) , and lesions at eighteen of nineteen injection sites in the rabbit were darkfield positive after 8-14 days (average 10-5).
A different strain of T. pallidum, which will be described presently, was used in Experiment 3. A monkey (M-25) and a rabbit (No. 1627) were inoculated intracutaneously at one site on the back with 4,000 organisms from another monkey. The monkey became darkfield positive after 15 days, developing one of the largest chancres observed in monkeys Results with comparatively small quantitated intracutaneous injections of Nichols T. pallidum from the rabbit varied more widely in the A. trivirgatus than in the rabbit. Darkfield-positive lesions appeared 8-10 days after the inoculation of 200,000 organisms in three of six monkeys and all six rabbits. This inoculum produced darkfield-positive chancres in the other three monkeys on incubation days 19, 19, and 38. The inoculation of two T. pallida produced chancres in four of six monkeys after 21-66 days and in two of six rabbits after 27 and 45 days (Table II) .
The six monkeys and three of the six rabbits inoculated intracutaneously at multiple sites in the back were also inoculated in the anterior skin with the same suspensions at the same times. Three sites were injected from the upper chest to the lower abdomen along each side, an inch from the midline. The lower abdominal skin of this monkey is thin, and the entire 0 2-ml. was not deposited within the dermis at every site in this area. Some of the suspension was observed to leak out, and no doubt some, leaked or was injected subcutaneously. No lesions developed in monkeys from the 36 anterior injections of 2-200,000 T. pallidum, and only one was produced by the eighteen injections in rabbits. After 20-days' incubation, the 200,000-T. pallidum inoculum caused a small short-lived darkfieldpositive lesion in the skin over the chest of one of the three rabbits (No. 2023).
Many syphilitic rabbits develop generalized lesions, particularly in the testes; in the shaved skin of the back, sides, and outer surfaces of the extremities; (1948). in the facial bones; and in the long bones of the extremities (Brown and Pearce, 1921) . Four of the seven infected rabbit controls in these experiments developed darkfield-positive secondary skin lesions. The entire torso of six of the seven monkeys infected intracutaneously was kept shaved from neck to groin for 6 months after inoculation. Only the left rear quadrant of the seventh monkey was kept shaved. Some monkeys developed heavy pigmentation over the back and sides. One (M-36) (M-13) . A similar inoculation was made into a rabbit. The rabbit developed darkfield-positive orchitis after 36 days, which indicated that each inoculum contained at least 1-20,000 or more virulent T. pallida (Magnuson and others, 1948) .
The scrotum of the monkey was palpably affectedmildly thickened and slightly indurated-during the second and third post-inoculation weeks, but overt darkfield-positive orchitis did not develop. VDRL, FTA-ABS, and TPI tests became positive after 3-5 months. Venous blood and popliteal node extracts from this animal infected three other monkeys to which it was transferred.
The extract of an inguinal node from one of the "second generation" monkeys (M-28) (first monkeyto-monkey recipients of the recently-isolated strain), containing about 4,000 T. pallida per inoculum, was injected into the preputial membrane, the tip of the penis near the urethral orifice, and the skin of the lower left quadrant of the back of monkey M-25. As an inoculum control, a rabbit (No. 1627) was injected intracutaneously with this suspension in the same quadrant; however, the ensuing rabbit lesion was obviously contaminated with pyogens, and treponemes were not demonstrated from it. The rabbit was proved infected by serological and tissuetransfer procedures. The monkey skin injection produced an 8 x 2-mm. chancre by incubation day 8; this was repeatedly darkfield positive from the fifteenth day (Table II 
(R) = Not tested; previously reactive.
sults during each of the first 7 months of infection, became reactive at a titre of 1: 8 after 8 months and at 1:128 after 9 months. Another animal (M-1) gave nonreactive tests for 6 months, and was weakly reactive at 8 months; it was not tested again until the fifteenth month when it was reactive at eight dilutions. At 22 months the titre had reached 1:128. Serum from two of three monkeys was reactive at 15 months, and from one of two at 24 months. Results of the testing of three monkeys (M-1, M-10, M-ll) 2 and 5 months after infection by the Kline standard, the Mazzini flocculation, and the unheated serum reagin (USR) tests* paralleled those of the VDRL test. All three monkeys were nonreactive in these tests at 2 months, as were two at 5 months. The only one of these three monkeys with serum reactive in the VDRL test at 5 months was also sero-positive in the Kline, Mazzini, and USR tests.
Treponemal immobilizing antibody was detected in three of the twelve infected monkeys as early as 2 months after inoculation (the sera being weakly reactive in two), and in all twelve by the fifth month. Of the twelve, the FTA-ABS test was reactive in three at one month, in ten at 2, and in twelve at 3; it was reactive in all sera tested 4 to 24 months after infection.
Examination of oral preparations showed trepo-*Kline standard, Mazzini flocculation, and USR tests performed by Reagents, Testing, and Evaluation Services, VDRL.
nemal forms resembling those common in the human mouth in all 37 A. trivirgatus monkeys examined. Some of the spiral forms seen in genital washings resembled T. pallidum. A large, motile fluke was sometimes present in preparations containing fresh blood. In monkeys in which the diagnosis of syphilis was not verifiable by other means, no spirochaete indistinguishable in life from T. pallidum was seen during microscopical examination of hundreds of samples of serum expressed from skin and genital mucosa, of node or testicular aspirates or extracts, of tears, aqueous, and vitreous fluids, and of many tissues obtained at autopsy.
Discussion
The observations on twelve infected animals reported here indicate the potential value of the A. trivirgatus in the study of experimental syphilis. This primate was susceptible to infection with the Nichols virulent T. pallidum from the rabbit and with a strain from man. Its early responses parallel those of man and of other animals. The testis of this animal may be a less favourable reservoir for large numbers of treponemes than is the rabbit testis, or its small size and natural firmness, together with our inexperience with the species, may have prevented recognition of the signs of maximum involvement. The incidence and nature of early and generalized skin manifestations differed from those in man and the rabbit and varied widely in this small sample. Niel and Fribourg-Blanc (1964) reported one of two baboons to be sero-negative to the VDRL test 51 days after inoculation with syphilis, by which time both had become sero-positive to the TPI test. In recent studies by Smith and others (1965) and Taylor, Singer, Yobs, and Smith (1965) , seven A. trivirgatus monkeys with syphilis of 6 months' duration were sero-positive to the FTA-ABS and TPI tests or infectious by node transfer, but three were sero-negative to the VDRL test. Recipients were infected by nodes transferred from two of their monkeys, six or seven months after inoculation, at which time the donors were still sero-negative to the VDRL, FTA-ABS, and TPI tests.
A. trivirgatus apparently does not produce cardiolipin antibody with the regularity or rapidity seen in the rabbit or in man. It should be noted, however, that in the present study one of the five (M-28) inoculated with the recent human isolate was seropositive to the VDRL test at a titre of 1: 4 2 months after infection and at titres of 1:128 to 1:256 after 5-9 months. This appears to be individual variation, as another (M-34) inoculated with this strain of T. pallidum was first sero-positive to the VDRL test after 8 months.
Treponemal antibodies as detected in the standard TPI test generally appeared earlier in the twelve monkeys than in the rabbit. Sera from ten were reactive after 3 months, and all were seropositive after 5 months. The FTA-ABS test was reactive in three after 1 month, in ten after 2 months, and in all twelve after 3 months. The monkeys that were slowest to develop TPI antibody were two of the five inoculated with the recently-isolated strain. Variations in the development of reactivity occur in man and the rabbit, and the rate of rise in antibodytitre in the rabbit is somewhat related to the number of organisms inoculated. Three of the monkeys (M-1, M-10, and M-1) received approximately 5 *6 x 107 T. pallida, three (M-31, M-35 and M-36) approximately 5 x 105, and the others only a few thousand each. As in other species, treponemal antibody was detected earlier by the FTA-ABS test than by the TPI test.
The first monkey-to-monkey subtransfer of the man-to-monkey strain of T. pallidum produced a skin chancre equal to the largest of 26 caused by the Nichols treponemes from rabbits. It also produced one penile lesion from one inoculation, compared to no genital lesions in the four monkeys inoculated with the Nichols strain. Controlled data that are sufficient for statistical analysis would be necessary to demonstrate differences in strains of T. pallidum. Experimental syphilis has been followed for one year in eleven monkeys, and for 2 years in three. Nine survive and are being observed for the development of late manifestations.
The weights of the forty A. trivirgatus monkeys ranged from 500 to 1040 g. (average 850). The monkeys were maintained under standard laboratory conditions at 70 to 75'F. Procuring healthy animals with stamina to withstand the rigours of shipping (especially cold weather) and acclimatization in the laboratory is a problem. Three of forty (7 5 per cent.) died during their first 3 weeks in the laboratory, and nine more within a month of arrival after being subjected to the stress of restraint, anaesthesia, injection, collection of blood and spinal fluid specimens, and the like. However, this species is certainly simpler to house and manipulate than the large sub-human primates. 
